
A 2  

•uropaisches  Patentamt 

European  Patent  Office  ®  Publication  number:  0  2 3 8   3 1 0  

Office  europeen  des  brevets  A 2  

@  EUROPEAN  PATENT  APPLICATION 

a)  Application  number:  87302276.8  ©  Int.  CI.4:  F  16  H  5/OU 
B  60  K  4 1 / 0 6  

g)  Date  of  filing:  17.03.87 

©  Priority:  17.03.86  JP  59013/86 
17.03.86  JP  59014/86 

©  Date  of  publication  of  application  : 
23.09.87  Bulletin  87/39 

©  Designated  Contracting  States:  DE  FR  GB  SE 

3)  Applicant:  Isuzu  Motors  Limited 
6-22-10  Minamiooi  Shinagawa-ku 
Tokyo  140  (JP) 

FUJITSU  LIMITED 
1015,  Kamikodanaka  Nakahara-ku 
Kawasaki-shi  Kanagawa211  (JP) 

©  Inventor:  Yoshimura,  Hiroshi 
24-25  Kamio  2-chome,  Midori-ku 
Yokohama-shi  Kanagawa  (JP) 

lida,  Youichi 
Inamo-Haitsu  101,  267-5  Nakasawada 
Numadu-shi  Shizuoka  (JP) 

@  Representative:  Brunner,  Michael  John  et  al 
GILL  JENNINGS  &  EVERY  53-64  Chancery  Lane 
London  WC2A1HN  (GB) 

CM 
<  

O  
T— 
CO 

CO 
CO 
CM 

©  Apparatus  for  controlling  an  automatic  gear  transmission. 

t   Apparatus  for  controlling  an  automatic  gear  transmission 
.  in  a  motor  vehicle  by  commanding  an  optimum  gear  position 

based  on  the  speed  of  travel  of  the  vehicle  and  the  amount  of 
accelerator  opening  thereof,  comprises  a  control  circuit  (2) 
including  first  computing  means  for  computing  the  engine 
output  for  the  optimum  gear  position  and  second  computing 
means  for  computing  the  running  resistance  of  the  vehicle  for 
the  optimum  gear  position.  A  comparator  compares  the 
computed  engine  output  and  the  computed  running  resistance, 
and  the  optimum  gear  position  is  modified  based  on  the  result 
of  the  comparison  effected  by  the  comparison  means.  If  the 
optimum  gear  position  requires  a  shift-up  from  the  present  gear 
position,  the  shift-up  to  the  otpimum  gear  position  is  inhibited  if 
the  running  resistance  is  larger  than  the  engine  output.  If  the 
optimum  gear  position  is  the  present  gear  position,  the  gear 
transmission  is  shifted  down  if  the  running  resistance  is  larger 
than  the  engine  output  for  the  present  gear  position. 
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Description 

APPARATUS  FOR  CONTROLLING  AN  AUTOMATIC  GEAR  TRANSMISSION 

This  invention  relates  to  apparatus  for  controlling  an  automatic  gear  transmission,  for  example  for  a  motor 
vehicle. 

5  The  logic  for  controlling  a  conventional  electronically-controlled  automatic  gear  transmission  is  based  on  a 
shift  schedule  determined  from  vehicle  speeds  and  the  amount  of  opening  of  a  throttle  valve  (hereinafter 
referred  to  as  the  amount  of  accelerator  opening)  based  on  the  depth  to  which  an  accelerator  pedal  is 
depressed,  as  shown  in  Figure  6  of  the  accompanying  drawings.  Figure  6  shows,  by  way  of  example,  a  shift 
map,  indicating  a  shift-up  schedule  by  solid  lines  and  a  shift-down  schedule  by  dotted  lines. 

10  The  motor  vehicle  can  run  stably  on  a  flat  road  or  a  road  with  a  relatively  uniform  gradient  by  controlling  the 
gear  changing  based  on  the  above  shift  schedule. 

When  the  motor  vehicle  runs  on  a  road  with  a  non-uniform  gradient  which  varies  frequently,  for  example 
when  the  motor  vehicle  runs  uphill  as  illustrated  in  Figure  7,  the  transmission  gears  must  be  repeatedly  shifted 
up  and  down.  A  large  motor  vehicle,  in  particular,  may  not  be  driven  uphill  with  the  gears  in  the  D  range,  i.e.  the 

15  automatic  gear  shifting  range. 
More  specifically,  with  a  conventional  shift  schedule  arranged  in  accordance  with  conventional  logic,  when 

the  running  condition  varies  (for  example,  the  amount  of  depression  of  the  accelerator  pedal  is  reduced  or  the 
vehicle  speed  is  increased),  the  gear  transmission  is  shifted  up  on  the  basis  of  the  shift  map,  even  if  the  engine 
output  is  not  sufficient  in  the  gear  position  to  which  the  transmission  is  shifted  up.  Since  the  engine  output  is 

20  insufficient  in  the  selected  gear  position,  the  vehicle  speed  is  lowered,  and  hence  the  gear  transmission  shifts 
down.  Hence,  the  gear  transmission  is  repeatedly  shifted  up  and  down. 

According  to  the  shift  schedule  based  on  the  shift  map  shown  in  Figure  6,  the  gear  transmission  is  not 
shifted  down  unless  the  vehicle  speed  is  reduced.  This  transmission  control  tends  to  irritate  the  driver, 
increases  the  time  required  to  uphill,  or  fails  to  utilise  the  engine  power  fully,  resulting  in  a  reduction  in  the 

25  power  performance  of  the  engine. 
One  solution  which  has  been  employed  has  been  to  provide  a  manual  gear  range  separately,  and  to  allow  the 

driver  to  select  an  optimum  gear  position.  This  arrangement  is,  however,  problematic  in  that  the  required  gear 
changing  operation  is  cumbersome  and  the  merits  of  the  automatic  gear  transmission  are  lost. 

An  object  of  the  present  invention  is  to  provide  apparatus  for  controlling  an  automatic  gear  transmission 
30  which  is  capable  of  automatically  selecting  an  optimum  gear  position  according  to  the  resistance  to  running  of 

a  motor  vehicle. 
According  to  one  aspect  of  the  invention,  there  is  provided  apparatus  for  controlling  an  automatic  gear 

transmission  in  a  motor  vehicle  by  commanding  an  optimum  gear  position  thereof  based  on  the  speed  of  travel 
of  the  vehicle  and  the  amount  of  accelerator  opening  thereof,  characterised  by  a  control  circuit  comprising 

35  first  computing  means  for  computing  an  engine  output  for  the  optimum  gear  position;  second  computing 
means  for  computing  the  running  resistance  of  the  vehicle  for  the  optimum  gear  position;  comparison  means 
for  comparing  the  computed  engine  output  and  the  computed  running  resistance;  and  command  modifying 
means  for  modifying  the  optimum  gear  position  based  on  the  result  of  the  comparison  effected  by  the 
comparison  means. 

40  According  to  another  aspect  of  the  invention,  there  is  provided  apparatus  for  controlling  an  automatic  gear 
transmission  in  a  motor  vehicle  by  commanding  an  optimum  gear  position  thereof  based  on  the  speed  of  travel 
of  the  vehicle  and  the  amount  of  accelerator  opening  thereof,  characterised  by  a  control  circuit  comprising 
first  computing  means  for  computing  an  engine  output  for  the  optimum  gear  position  if  the  optimum  gear 
position  requires  a  shift-up  from  the  present  gear  position;  second  computing  means  for  computing  the 

45  running  resistance  of  the  vehicle  for  the  optimum  gear  position;  comparison  means  for  comparing  the 
computed  engine  output  and  the  computed  running  resistance;  and  command  modifying  means  for  inhibiting 
a  shift-up  to  the  optimum  gear  position  if  the  running  resistance  is  larger  than  the  engine  output  based  on  the 
result  of  the  comparison  effected  by  the  comparison  means. 

According  to  a  further  aspect  of  the  invention,  there  is  provided  apparatus  for  controlling  an  automatic  gear 
50  transmission  in  a  motor  vehicle  by  commanding  an  optimum  gear  position  thereof  based  on  the  speed  of  travel 

of  the  vehicle  and  the  amount  of  accelerator  opening  thereof,  characterised  by  a  control  circuit  comprising 
first  computing  means  for  computing  an  engine  output  for  the  present  gear  position  if  the  optimum  gear 
position  is  the  present  gear  position;  second  computing  means  for  computing  the  running  resistance  of  the 
vehicle  for  the  present  gear  position;  comparison  means  for  comparing  the  computed  engine  output  and  the 

55  computed  running  resistance;  and  command  modifying  means  for  modifying  the  optimum  gear  position  into  a 
lower  gear  position  and  for  commanding  a  shift-down  if  the  running  resistance  is  larger  than  the  engine  output 
based  on  the  result  of  comparison  effected  by  the  comparison  means. 

Embodiments  of  the  invention  will  now  be  described,  by  way  of  example,  with  reference  to  the 
accompanying  drawings,  in  which 

60  Figure  1  is  a  block  diagram  of  apparatus  for  controlling  an  automatic  gear  transmission  according  to  an 
embodiment  of  the  invention; 

Figure  2  is  a  flowchart  of  operation  of  the  controlling  apparatus  shown  in  Figure  1  ; 
Figure  3  is  a  graph  of  running  performance  for  explaining  a  transmission  control  logic  used  in  an 
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embodiment  of  the  invention  ; 
Figure  4  is  a  flowchart  of  a  transmission  control  according  to  another  embodiment  of  the  invention  ; 
Figure  5  is  a  graph  of  running  performance,  for  explaining  a  transmission  control  logic  used  in  another 

embodiment  of  the  invention; 
Figure  6  is  a  diagram  illustrating  a  shift  schedule  map  ;  and  5 
Figure  7  is  a  diagram  showing  gears  selected  in  a  motor  vehicle  running  on  a  road  having  a  non-uniform 

gradient. 
As  shown  in  Figure  1  ,  apparatus  for  controlling  an  automatic  gear  transmission  according  to  an  embodiment 

>f  the  invention  includes  a  shift  map  1  for  determining  an  optimum  gear  position  based  on  a  motor  vehicle  road 
speed  and  the  amount  of  accelerator  opening.  A  command  signal  from  the  shift  map  1  is  applied  to  a  control  10 
jnit  2.  The  control  unit  2  is  responsive  to  the  command  signal  from  the  shift  map  1  for  applying  a  transmission 
:ontrol  command  signal  to  means,  such  as  a  hydraulic  actuator  3,  to  control  the  operation  of  a  gear 
ransmission  4,  and  also  for  applying  a  control  signal  to  a  clutch  actuator  which  operates  a  clutch  (not  shown), 
fhe  control  unit  2  includes  a  first  arithmetic  unit  for  computing  the  output  of  an  engine  5  at  a  gear  position 
Jetermined  by  the  shift  map  1  ,  based  on  an  equation  which  will  be  described  later.  The  control  unit  2  is  15 
supplied  with  a  signal  indicative  of  the  rotational  speed  of  the  engine  5,  a  gear  position  signal,  a  clutch  stroke 
signal,  and  other  signals.  The  control  unit  2  also  includes  a  second  arithmetic  unit  for  computing  the  running 
esistance,  i.e.  the  resistance  to  running  of  the  motor  vehicle,  from  a  vehicle  load  signal  applied  thereto.  The 
jnit  2  also  includes  a  comparator  for  comparing  the  engine  output  and  the  running  resistance  thus  computed, 
ind  another  comparator  for  determining  whether  the  accelerator  opening  signal  is  higher  than  a  prescribed  20 
/alue. 

Figure  2  shows  a  flowchart  representative  of  an  embodiment  of  a  transmission  control  logic  in  the  control 
jnit  2. 

Firstly,  from  a  normal  logic  circuit  an  optimum  gear  position  is  determined  in  a  step  S1  from  a  shift  schedule 
determined  by  the  vehicle  speed  and  the  amount  of  accelerator  opening.  25 

Then,  a  step  S2  ascertains  whether  the  gear  position  selected  by  the  normal  logic  is  a  shift-up  from  the 
oresent  gear  position.  If  "NO",  then  the  present  gear  position  selected  by  the  normal  logic  is  maintained.  If 
"YES",  then  an  engine  output  for  the  gear  position  to  be  shifted  up  to  is  found  in  a  step  S3  from  the  shift  map  1 
stored  in  a  memory  in  the  control  unit  2.  The  engine  output  and  the  running  resistance  are  compared  in  a  step 
54.  If  the  engine  output  is  larger  than  the  running  resistance,  then  the  transmission  is  shifted  up  to  the  gear  30 
position  to  be  reached  according  to  the  normal  logic.  If  the  engine  output  for  the  gear  position  to  be  shifted  up 
to  is  smaller  than  the  running  resistance  for  the  same  gear  position,  then  a  gear  shift-up  is  inhibited  in  a  step 
55,  and  the  gear  position  selected  according  to  the  normal  logic  is  maintained. 

The  running  resistance  is  computed  from  the  following  equation: 
35 

W  R  2  1  2  ANe 
Pmer  =  Pme  -  A  x  ^   x  ( ^ )   x  ( ^ )   x  j ^ -  

where 
Pmer  is  the  engine  output  corresponding  to  the  running  resistance, 
Pme  is  the  engine  output, 
A  is  a  constant, 
Vs  is  the  total  displacement  of  the  engine,  45 
W  is  the  weight  of  the  vehicle, 
(if  is  the  final  ratio, 
R  is  the  radius  of  the  tyres, 
uTi  is  the  transmission  gear  ratio,  and 
ANe/At  is  the  change  in  the  engine  rotational  speed  in  a  time  At.  SO 
Determination  and  correction  of  the  gear  shift-up  according  to  the  present  embodiment  will  be  described  in 

more  detail  based  on  the  running  performance  diagram  of  Figure  3. 
The  running  resistance  when  the  motor  vehicle  runs  at  a  speed  V1  on  a  road  having  a  radient  a%  (point  A)  is 

ra,  and  it  is  assumed  that  the  motor  vehicle  is  running  under  this  condition  with  the  gear  transmission  in  the  4th 
gear  position,  selected  by  the  normal  logic.  If  the  amount  of  accelerator  opening  is  reduced,  or  the  vehicle  55 
speed  is  increased  relative  to  the  speed  V1  ,  determination  as  to  whether  the  motor  vehicle  should  still  run  with 
the  4th  gear  selected  or  whether  the  gear  transmission  should  be  shifted  up  to  allow  the  vehicle  to  run  in  the 
5th  gear  position  is  carried  out  by  comparing  with  the  running  resistance  ra  a  maximum  engine  output  Pa' 
(which  is  of  a  value  obtained  by  subtracting  a  marginal  engine  output  from  an  actual  maximum  engine  output) 
for  the  5th  gear  position  to  be  shifted  up  to.  Since  Pa'  >  ra  in  this  case,  it  is  possible  for  the  motor  vehicle  to  60 
run  at  the  speed  V1  even  when  the  gear  transmission  is  shifted  up  to  5th  gear.  The  time  required  for  the  motor 
vehicle  to  run  uphill  is  reduced  by  selecting  the  5th  gear  position.  Therefore,  the  gear  transmission  is  shifted  up 
to  the  5th  gear  position. 

The  running  resistance  when  the  motor  vehicle  runs  at  a  speed  V2  on  a  road  having  a  radient  b%  (point  B)  is 
rb,  and  it  is  assumed  that  the  motor  vehicle  is  running  under  this  condition  with  the  gear  transmission  in  the  3rd  65 

3 



0  238  310 

gear  position  selected  by  the  normal  logic.  Determination  as  to  whether  the  motor  vehicle  should  still  run  with 
the  3rd  gear  position  or  the  gear  transmission  should  be  shifted  up  to  4th  gear  position  is  carried  out  by 
comparing  a  maximum  engine  output  Pb'  for  the  4th  gear  position  with  the  running  resistance  rb.  Since  Pb'  < 
rb  in  this  case,  the  shift-up  is  inhibited,  and  the  gear  transmission  remains  in  the  3rd  gear  position. 

5  With  the  present  embodiment  as  described  above,  when  an  optimum  gear  position  determined  on  the  basis 
of  the  running  speed  of  the  motor  vehicle  and  the  amount  of  accelerator  opening  requires  a  shift-up  from  the 
present  gear  position,  the  engine  output  for  the  optimum  gear  position  and  the  running  resistance  are 
compared.  If  the  running  resistance  is  larger  than  the  engine  output,  then  the  shift-up  is  inhibited.  It  is  only  if 
the  engine  output  is  larger  than  the  running  resistance  that  the  gear  transmission  is  shifted  up  to  the  optimum 

10  gear  position.  Since  the  conventional  unnecessary  gear  shifting  operation  in  which  the  gear  transmission  is 
repeatedly  shifted  up  and  down  according  to  the  normal  logic  while  the  motor  vehicle  is  running  uphill  is 
eliminated,  the  running  performance  of  the  motor  vehicle  is  improved,  and  the  time  required  for  the  motor 
vehicle  to  run  up  a  slope  is  reduced  by  selecting  an  optimum  gear  position  taking  advantage  of  the  automatic 
gear  transmission. 

15  Figure  4  is  a  flowchart  of  another  embodiment  of  transmission  control  logic  in  the  control  unit  2.  An  optimum 
gear  position  is  found  in  a  step  P1  from  a  normal  logic  circuit  based  on  a  shift  schedule  that  is  determined  by 
the  vehicle  speed  and  the  amount  of  accelerator  opening.  Then  a  step  P2  checks  if  the  optimum  gear  position 
requires  a  shift-down  or  not  of  the  present  gear  position.  If  "YES",  i.e.  if  the  optimum  gear  position  requires  a 
shift-down,  then  the  gear  transmission  is  shifted  down  to  the  optimum  gear  position  according  to  the  normal 

20  logic.  This  is  the  first  case  for  effecting  a  gear  shift-down  with  the  transmission  control  apparatus  of  the 
present  invention. 

If  the  optimum  gear  position  determined  from  the  shift  schedule  according  to  the  normal  logic  does  not 
require  a  shift-down  from  the  present  gear  position,  i.e.  if  the  optimum  gear  position  is  the  present  gear 
position,  then  the  following  conditions  are  checked: 

25  (i)  Whether  or  not  a  prescribed  time  has  elapsed  after  a  gear  change  (step  P3).  (This  checking  is 
needed  since  accurate  running  resistance  cannot  be  computed  because  the  clutch  is  disconnected  after 
a  gear  change.) 

(ii)  Whether  or  not  the  present  gear  position  is  the  4th  gear  position  or  higher  (step  P4)  .  (This  checking 
is  needed  since  a  shift-down  from  the  3rd  gear  position  to  the  2nd  gear  position  is  not  necessary.) 

30  (iii)  Whether  or  not  the  accelerator  or  throttle  valve  is  in  the  fully  open  position  (WOT)  (step  P5).  (This 
checking  is  effected  since  no  shift-down  is  required  if  a  sufficient  driving  force  is  available.)  If  the  answers 
to  all  of  the  above  conditions  (i)  to  (iii)  are  "YES",  then, 

(iv)  whether  or  not  the  engine  overruns  when  the  gear  transmission  is  shifted  down  is  ascertained  (step 
P6).  If  the  engine  does  not  overrun,  then  an  optimum  engine  output  for  the  present  gear  position  is 

35  determined  in  a  step  S7  from  a  shift  map  stored  in  a  memory  in  the  control  unit  2. 
(v)  Then,  whether  or  not  the  running  resistance  for  the  present  gear  position  is  larger  than  the 

determined  maximum  engine  output  is  checked  in  a  step  P8.  For  this  checking  step,  variations  in  the 
values  of  the  computed  running  resistance  are  eliminated  by  setting  a  decision  counter  to  "3",  and 
confirming  whether  the  running  resistance  is  larger  than  the  maximum  engine  output  in  three  successive 

40  checking  cycles  (steps  P9  and  P10).  More  specifically,  in  the  first  checking  cycle,  "1  "  is  subtracted  from 
the  first  setting  "3"  to  obtain  "2"  which  is  held  in  the  decision  counter.  Since  the  count  is  not  zero,  control 
returns  to  the  normal  logic  to  repeat  the  above  sequence  of  checking  steps  (i)  to  (iv).  If  the  answers  to  the 
steps  (i)  to  (iii)  are  "YES"  and  the  answer  to  the  step  (iv)  is  "NO",  then  control  enters  the  second  checking 
cycle  in  which  "1"  is  subtracted  from  "2"  held  in  the  decision  counter  to  obtain  "1  "  which  is  then  held  in  the 

45  decision  counter.  Since  the  count  is  not  zero,  control  returns  to  the  normal  logic  to  repeat  the  above 
sequence  of  checking  steps  (i)  to  (iv).  If  the  answers  to  the  steps  (i)  to  (iii)  are  "YES"  and  the  answer  to 
the  step  (iv)  is  "NO",  then  control  enters  the  third  checking  cycle  in  which  "1  "  is  subtracted  from  "1"  held 
in  the  decision  counter  to  obtain  "0".  Therefore,  the  gear  transmission  is  shifted  down.  As  is  apparent 
from  the  foregoing,  the  condition  (v)  is  checked  three  times,  and  the  gear  transmission  is  shifted  down  in 

50  a  step  P1  1  only  when  the  running  resistance  for  the  present  gear  position  is  larger  than  the  engine  output 
in  the  three  successive  checking  cycles.  This  is  the  second  case  for  a  shift-down  effected  by  the 
transmission  control  apparatus  of  the  present  invention. 

The  running  resistance  is  computed  from  the  equation  described  above  with  respect  to  the  previous 
embodiment. 

55  Consequently,  when  the  answer  to  either  one  of  the  steps  (i)  to  (iii)  is  "NO",  or  when  the  answer  to  the  step 
(iv)  is  "YES"  even  if  the  answers  to  all  of  the  steps  (i)  to  (iii)  are  "YES",  the  gear  transmission  is  not  shifted 
down,  and  the  value  of  the  decision  counter  is  reset  to  "3".  Then  control  returns  to  the  normal  logic,  and  the 
above  checking  cycles  are  repeated  in  the  aforesaid  manner. 

Determination  and  correction  of  the  shift-down  in  the  present  apparatus  will  now  be  described  in  greater 
60  detail  based  on  the  running  performance  diagram  of  Figure  5.  The  running  resistance  when  the  motor  vehicle 

runs  at  a  speed  V1  on  a  road  having  a  gradient  aQ/b  (point  A)  is  ra,  and  it  is  assumed  that  the  motor  vehicle  is 
running  under  this  condition  with  the  gear  transmission  in  the  5th  gear  position,  as  selected  by  the  normal 
logic.  A  maximum  engine  output  Pa'  under  this  running  condition  (which  is  of  a  value  obtained  by  subtracting  a 
marginal  engine  output  from  the  actual  maximum  engine  output)  for  the  5th  gear  position  is  determined  and 

65  compared  with  the  running  resistance  ra.  Since  ra  >  Pa'  in  this  case,  the  engine  does  not  overrun  even  if  the 
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jear  transmission  is  shifted  down,  and  the  motor  vehicle  can  run  at  the  speed  V1.  The  gear  transmission  is 
herefore  shifted  down,  and  the  time  required  for  the  motor  vehicle  to  run  uphill  is  thereby  reduced. 

In  this  embodiment  the  gear  transmission  is  shifted  down  only  either  (1)  when  a  shift-down  command  is 
]iven  by  the  normal  logic  based  on  a  shift  schedule  determined  by  the  vehicle  speed  and  the  amount  of 
accelerator  opening,  or  (2)  when,  although  no  shift-down  command  is  given  by  the  normal  logic,  a  shift-down  5 
s  to  be  effected  dependent  on  the  running  resistance  according  to  the  following  conditions: 

(i)  A  prescribed  period  of  time  has  elapsed  after  a  gear  change  ; 
(ii)  The  present  gear  position  is  the  4th  gear  position  or  higher; 
(iii)  The  accelerator  or  throttle  valve  is  in  the  fully  open  position  (WOT)  ; 
(iv)  The  engine  should  not  overrun  when  the  gear  transmission  is  shifted  down  ;  and  10 
(v)  It  is  determined,  on  the  basis  of  comparison  between  the  engine  output  and  the  running  resistance 

for  the  present  gear  position,  that  the  running  resistance  is  larger  than  the  engine  output  for  three 
successive  cycles. 

It  will  be  understood  that  the  present  invention  is  not  limited  to  the  embodiments  described  above,  and  the 
above  conditions  may  be  modified  in  various  ways.  15 

As  described  above,  the  embodiments  of  the  present  invention  are  not  only  such  that  an  optimum  gear 
position  is  simply  selected  from  a  shift  schedule  based  on  the  vehicle  speed  and  the  amount  of  accelerator 
opening,  but  are  arranged  such  that  even  if  a  gear  shift-down  is  not  commanded,  the  gear  transmission  is 
shifted  down  if  the  running  resistance  is  larger  than  the  engine  output  for  the  present  gear  position.  Therefore, 
the  gear  transmission  can  be  shifted  at  optimum  timing  for  better  vehicle  running  performance.  Furthermore,  20 
the  time  required  for  the  motor  vehicle  to  run  uphill  can  be  reduced  by  selecting  an  optimum  gear  position 
taking  advantage  of  the  automatic  gear  transmission. 

Claims 
no 

1.  Apparatus  for  controlling  an  automatic  gear  transmission  (4)  in  a  motor  vehicle  by  commanding  an 
optimum  gear  position  thereof  based  on  the  speed  of  travel  of  the  vehicle  and  the  amount  of  accelerator 
opening  thereof,  characterised  by  a  control  circuit  (2)  comprising  first  computing  means  for  computing  an  30 
engine  output  for  the  optimum  gear  position;  second  computing  means  for  computing  the  running 
resistance  of  the  vehicle  for  the  optimum  gear  position;  comparison  means  for  comparing  the  computed 
engine  output  and  the  computed  running  resistance;  and  command  modifying  means  for  modifying  the 
optimum  gear  position  based  on  the  result  of  the  comparison  effected  by  the  comparison  means. 

2.  Apparatus  for  controlling  an  automatic  gear  transmission  (4)  in  a  motor  vehicle  by  commanding  an  35 
optimum  gear  position  thereof  based  on  the  speed  of  travel  of  the  vehicle  and  the  amount  of  accelerator 
opening  thereof,  characterised  by  a  control  circuit  (2)  comprising  first  computing  means  for  computing  an 
engine  output  for  the  optimum  gear  position  if  the  optimum  gear  position  requires  a  shift-up  from  the 
present  gear  position;  second  computing  means  for  computing  the  running  resistance  of  the  vehicle  for 
the  optimum  gear  position;  comparison  means  for  comparing  the  computed  engine  output  and  the  40 
computed  running  resistance;  and  command  modifying  means  for  inhibiting  a  shift-up  to  the  optimum 
gear  position  if  the  running  resistance  is  larger  than  the  engine  output  based  on  the  result  of  the 
comparison  effected  by  the  comparison  means. 

3.  Apparatus  for  controlling  an  automatic  gear  transmission  (4)  in  a  motor  vehicle  by  commanding  an 
optimum  gear  position  thereof  based  on  the  speed  of  travel  of  the  vehicle  and  the  amount  of  accelerator  45 
opening  thereof,  characterised  by  a  control  circuit  (2)  comprising  first  computing  means  for  computing  an 
engine  output  for  the  present  gear  position  if  the  optimum  gear  position  is  the  present  gear  position; 
second  computing  means  for  computing  the  running  resistance  of  the  vehicle  for  the  present  gear 
position;  comparison  means  for  comparing  the  computed  engine  output  and  the  computed  running 
resistance;  and  command  modifying  means  for  modifying  the  optimum  gear  position  into  a  lower  gear  50 
position  and  for  commanding  a  shift-down  if  the  running  resistance  is  larger  than  the  engine  output  based 
on  the  result  of  comparison  effected  by  the  comparison  means. 

4.  Apparatus  according  to  Claim  3,  characterised  in  that  the  command  modifying  means  modifies  the 
commanded  gear  position  to  be  one  gear  position  lower  than  the  optimum  gear  position. 

5.  Apparatus  according  to  Claim  3  or  Claim  4,  characterised  by  means  for  ascertaining  whether  a  55 
prescribed  time  has  elapsed  after  a  gear  shift  to  the  present  gear  position  when  the  optimum  gear 
position  is  the  present  gear  position. 

6.  Apparatus  according  to  Claim  3  or  Claim  4,  characterised  by  means  for  ascertaining  whether  the 
present  gear  position  is  higher  than  a  predetermined  gear  position  when  the  optimum  gear  position  is  the 
present  gear  position.  60 

7.  Apparatus  according  to  Claim  3  or  Claim  4,  characterised  by  means  for  ascertaining  whether  the 
amount  of  accelerator  opening  corresponds  to  a  fully-open  position  when  the  optimum  gear  position  is 
the  present  gear  position. 

8.  Apparatus  according  to  Claim  3  or  Claim  4,  characterised  by  means  for  ascertaining  whether  the 
engine  will  overrun  when  the  gear  transmission  is  shifted  down  to  a  commanded  gear  position  if  the  65 
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optimum  gear  position  is  the  present  gear  position. 
9.  Apparatus  according  to  Claim  3  or  Claim  4,  characterised  by  means  to  determine  in  successive 

checks  whether  the  running  resistance  is  larger  than  the  engine  output  for  the  present  gear  position  and 
to  step  a  decision  counter  each  time  the  result  is  positive;  and  means  for  ascertaining  whether  the  count 
of  the  decision  counter  has  reached  a  predetermined  number. 
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